In the United States, more women than men seek health-care services for symptoms of irritable bowel syndrome (IBS). A number of explanations are given for this gender difference including the higher rates of somatic nongastrointestinal symptoms and increased psychological distress reported by women with IBS. However, these gender differences are found in studies that rely on retrospective recall with little attention to age or reproductive status. The purpose of the current analysis was to prospectively compare the frequency (days/month of moderate to severe based on a daily diary) of somatic, gastrointestinal (GI), and psychological distress symptoms, in menstruating women (N = 89) and postmenopausal women (N = 66) to men (N = 32) with IBS. In addition, the correlation between daily symptoms and daily report of overall health was evaluated. Postmenopausal women reported significantly more GI pain/ discomfort symptoms, especially bloating and abdominal distension, than men, however these differences are greatly attenuated when age is controlled for. Both postmenopausal and menstruating women reported significantly more somatic symptoms (especially joint pain and muscle pain) than men with IBS. The effect was stronger in postmenopausal women, whose somatic symptoms were also higher than menstruating women (P = 0.014). Fatigue and stress were higher in women than men but anxiety and depression were not. All three types of symptoms were strongly correlated with self-rating of health, both across and withinperson. Gender-related differences in GI and somatic symptoms are apparent in persons with IBS, more strongly in postmenopausal women. The presence of somatic symptoms in postmenopausal women with IBS may challenge clinicians to find suitable therapeutic options.
Introduction
In the United States and other Western industrialized countries, more women than men seek health-care services for irritable bowel syndrome (IBS) [1, 2] . Compared to men with IBS, women with IBS are more likely to report additional functional gastrointestinal (GI) conditions including globus, dysphagia, bloating, constipation, fecal incontinence, and pelvic floor dysfunction [3, 4] . Somatic and non-gastrointestinal symptoms, collectively referred to as ''extra-intestinal'', are also more frequently reported by women with IBS [3, 4] . Extra-intestinal symptoms include temporomandibular pain, dysmenorrhea, premenstrual distress syndrome, migraine headache, fibromyalgia, joint pain, muscle pain, interstitial cystitis, and chronic pelvic pain [5, 6] . Women with IBS more frequently report affective or mood symptoms including anxiety and depression as compared to women without IBS [7] .
Prior work by our group as well as others has shown that menstrual cycle variations exist in GI symptom reporting by women with IBS [8] [9] [10] . Houghton and colleagues have shown that visceral sensitivity is heightened at menses as compared to other phases of the menstrual cycle (follicular, luteal, ovulatory) [11] . In addition, psychological distress and somatic symptom reports also tend to increase prior to and during menses [12] [13] [14] . Women with IBS who report the co-existence of menstrual cycle-associated conditions, i.e., premenstrual distress syndrome (PMS), dysmenorrhea, prospectively report more severe GI and somatic symptoms particularly at the time of menstruation [9] . For some women, the menopause transition can be a time of heightened symptoms including those emanating from the GI tract, e.g., bloating [15, 16] . Together, these results suggest that when examining the pattern of symptom reporting between genders in a prospective fashion, menstrual cycle phase as well as menopausal status should be considered.
The main purpose of the current analysis was to compare prospectively reported GI, somatic and psychological distress symptoms in menstruating and postmenopausal women with IBS versus men with IBS. It was hypothesized that both categories of women would have higher severity of symptoms than men. An additional goal was to evaluate the strength of association between the three different types of symptoms and daily ratings of overall health, in the three subject groups. It was hypothesized that more severe symptoms would be associated with worse rating of health.
Methods

Sample
This report presents a secondary analysis of baseline data from subjects in a randomized trial comparing a comprehensive self-management intervention to usual care in patients with IBS. Women and men with IBS, 18-70 years of age, were recruited through community advertisements. They were screened for eligibility over the telephone. To be enrolled, patients had to have a medical diagnosis of IBS and meet Rome-II criteria for IBS (1) . Men and women were excluded if they had a significant co-morbid condition (treated hypothyroidism, mild asthma, or had a history of co-existing GI pathology (e.g., inflammatory bowel disease, celiac disease), surgery (e.g., bowel resection); or reproductive organ surgery (e.g., oophorectomy, prostatectomy, hysterectomy), or (2) were taking medications that significantly affect GI symptoms (e.g., narcotics, iron supplements, ACE inhibitors) or medications that would alter urinary cortisol or catecholamine levels. For this secondary analysis, women were classified as either menstruating or post-menopausal and women who could not be clearly classified were excluded. Human subjects' approval was obtained prior to recruitment.
Procedures
Participants were seen in person for their initial interview, gave informed consent, and completed questionnaires. They began a daily diary after this initial visit and continued for 28 days. The participants were financially compensated for their participation in the study.
Daily Symptom Diary
Subjects completed a symptom diary that contained 26 symptoms, which were rated every evening. Each symptom was rated on a scale from 0 (not present) to 4 (very severe). GI pain/discomfort symptoms in the daily diary included abdominal pain, abdominal distension, bloating, and intestinal gas. GI symptoms related to stool characteristics were diarrhea, constipation, and urgency. Psychological/ emotional items include anger, anxiety, panic feelings, depressed or blue, decreased desire to talk/move, stressed, fatigue/tiredness, hard to concentrate, and sleepiness during the day. Somatic symptoms were backache, headache, joint pain and muscle pain. A single item measured health status on each day, with the categories being 'poor', 'fair', 'good', 'very good', 'excellent'. Health status is coded with 'poor' as 5 and 'excellent' as 1, so that positive correlation with symptoms means worse symptoms are associated with worse health. Women also indicated days on which menstrual bleeding occurred. Only participants who completed the daily diary were included in the analyses.
Other Variables
Demographic information included age, marital status, years of education, ethnic affiliation, occupation, body mass index, age when IBS pain began, and medication use. A retrospective measure of psychological distress was also used. The Brief Symptom Inventory (BSI) includes 53 items that measure psychological distress [17] . Participants were asked to rate how much the symptom distressed or bothered them over the prior 7 days on a scale from not at all '0' to extremely distressing '4'. For this study the Global Severity Index (GSI: mean of all 53 items) and the depression and anxiety subscales are reported. Acceptable indicators of validity and reliability have been described [17] . The internal consistency of the GSI was a = 0.96 in this study.
Definition of Subgroups
Menopausal status was determined based on self-reported answers on a health-history questionnaire and on the diary data. Women who reported that they had experienced menopause were classified as postmenopausal, while women who reported that they were still menstruating were classified as menstruating. Seven women were difficult to classify into one of these two categories because they had conflicting answers to these questions and others such as date of last menstrual period, and whether they had any menstrual bleeding during the 28 day calendar, or their answers indicated they may be perimenopausal. These few women were excluded from analysis in order to focus on the two well-defined groups. Based on a prior study demonstrating few differences in GI symptom reporting between women on oral contraceptives and those not [8] , women on oral contraceptives were included in the analyses. The 15 postmenopausal women taking hormone replacement therapy did not differ from the other postmenopausal women and hence are retained in the analyses.
Data Analysis
For each subject, symptom severity is summarized as the percent of days on which the symptom is rated at least moderate (moderate, severe, very severe). In addition to reporting results for individual symptoms, some of the symptoms were combined into three summary scales, computed as the mean of the severity summaries of the individual symptoms in that scale: GI pain/discomfort scale (abdominal pain, abdominal distension, bloating, intestinal gas), somatic scale (backache, headache, joint pain, muscle pain), and anxiety/depression scale (anger, anxiety, panic feelings, decreased desire to talk or move, depressed/sad or blue). For menstruating women, diary data from the 4 days before and the 4 days after the first day of menses were not used in analyses since some symptoms are amplified in the days surrounding menses [8, 9] . This decision was made so that any differences found between menstruating women and men could not be merely attributed to women having higher symptoms during menses.
Descriptive statistics were compared across the three groups of subjects (men, menstruating women, postmenopausal women) using analysis of variance (ANOVA) and Chi-square tests. Primary analyses compared the mean symptom severity across the three groups: men, menstruating women, and postmenopausal women. Analysis of variance was used to test for group differences. Contrasts within the ANOVA were used to compare men to each of the groups of women, and the two female groups to each other. Since the distribution of most outcome variables were skewed to the right, a square-root transform was applied before testing group differences. Means of the untransformed variables are shown in the table of results, while transformed values are used for hypothesis testing and in scatter plots showing group differences. Since many variables had a non-normal distribution even after this transformation, the robust sandwich estimator [18] was used to get estimates of standard errors that are robust to non-normality and heteroscedasticity (non-uniformity of conditional variance). Since age may be a confounder, all analyses were repeated using analysis of covariance to control for age.
Correlations were computed between each of the three symptom scales and health status. This was done in two ways. First, the means across all diary days (for menstruating women this excluded 4 days prior to and 4 days following the onset of menses as described above) were taken for each subject, then the across-subject correlation was computed. Second, a within-subject correlation was computed for each subject, reflecting the extent to which health was worse on days with higher symptoms compared to days with lower symptoms. Then the distribution of these within-subject correlations were examined and compared across gender groups and across symptom scales using boxplots. ANOVA was used to test whether the strength of within-subject correlations differ by gender group, and paired t-tests are used to compare correlations with different symptom scales within each group.
Results
Sample
Thirty-two men and 155 women completed the study. As seen in Table 1 , the sample was mostly white and well educated. There were some differences between groups in demographic characteristics. As expected, age differs greatly between pre and postmenopausal women, with the mean age for men being in between. Age when IBS pain began is fairly similar in men and postmenopausal women but much younger in menstruating women, while years since pain began is similar in men and menstruating women and much longer in postmenopausal women. If the two groups of women are combined into one, their mean age (41.8) is very similar to men, while their mean age at first pain is somewhat lower (25.6, P = 0.069) and their mean years since pain began is somewhat longer (16.4, P = 0.042) than men. Interestingly, there are no significant gender differences in psychological distress as measured on the BSI. This is contrary to expectations, since values reported here are raw scores, not t-scores, and in general, women have higher raw scores than men [17] . Diary Symptoms Table 2 shows symptom severity for menstruating women and postmenopausal women, compared to men. Symptom severity is summarized as the percent of days with symptom severity at least moderate. Postmenopausal women have very high levels of symptoms relating to gas and bloating (abdominal distension, bloating, intestinal gas), all of which are moderate or worse on more than 40% of days, and are more severe than in men. In contrast, these symptoms are similar in menstruating women and in men. Abdominal pain is also quite prevalent in menstruating and postmenopausal women (38 and 37% of days moderate or worse, respectively), not quite significantly worse than men. These differences are reflected in the composite-scale measuring GI pain/discomfort, which is highly significantly worse in postmenopausal women. The results for the symptoms of constipation, diarrhea, and urgency are consistent with the fact that men with IBS generally have more diarrhea and less constipation than women with IBS.
As seen in Fig. 1a , the GI pain/discomfort scale increases with age. When age is controlled for, differences in GI pain/discomfort become nonsignificant (P = 0.121).
Both female groups have higher somatic symptoms than men, as seen in Table 2 and Fig. 1b . The mean percent of days with moderate/severe symptoms is between 5 and 8% for the four somatic symptoms in men, and as seen in Fig. 1b about a third of men have zero days with moderate/ severe somatic symptoms. In contrast, in women, these means range from 11 to 28%. It is especially striking that postmenopausal women have very high levels of joint and muscle pain, over 25% of days with moderate or severe symptoms. Gender differences in the somatic scale variable persist even in the analyses controlling for age.
There are no significant gender differences in the anxiety/depression scale, as seen in Table 2 and Fig. 1c . Postmeopausal women are significantly higher than men on the symptoms of fatigue/tiredness and stressed. It should be noted that levels of fatigue are very high among women, with fatigue being moderate or worse on 33% and 39% of days in menstruating and postmenopausal women, respectively.
Correlation of Symptom Scores with Self-Rating of Health
Across-subject correlations of health status with the GI pain/discomfort scale were 0.35, 0.39, and 0.39 for menstruating women, postmenopausal women and men, respectively. Correlations of health status with the somatic scale were 0.40, 0.53, and 0.51 and with the anxiety/ depression scale were 0.44, 0.31, and 0.47 for the three groups, respectively. Thus for all three subject groups, persons with worse symptoms have poorer quality of life, and this is true for all three symptom scales. The boxplots in Fig. 2 show the distribution of withinsubject correlations between daily health status and daily symptom scores. Note that for all three symptom scores, the vast majority of subjects have positive correlations between health status and symptoms scores. This means that for almost all subjects, their self-rating of health status is worse on days with worse symptoms. This is true for all three symptom scores: GI pain/discomfort, somatic, and anxiety/depression. Among both menstruating women and P-values are comparing menstruating women to men, by regression with robust standard-error estimates, and the square-root transform applied to normalize the distributions. The first P-value is unadjusted, the second is controlled for age b P-values are comparing post-menopausal women to men, by regression with robust standard-error estimates, and the square-root transform applied to normalize the distributions. The first P-value is unadjusted, the second is controlled for age c P-value are comparing post-menopausal women to menstruating women, not controlling for age. Controlling for age makes all P-values nonsignificant d Items included in the pain/discomfort scale e Items included in the anxiety/depression scale f Items included in the somatic scale men, the within-subject correlations are significantly weaker (P \ 0.05) for the somatic symptom scale than for both the GI pain/discomfort scale and the anxiety/depression scale. There are no statistically significant differences among the three groups in the degree to which each symptom scale influenced daily reports of health status.
Discussion
Using prospective data collection we have shown that somatic symptoms have the greatest differences in overall symptom reporting between men and women with IBS. This gender-related difference is most pronounced when postmenopausal women are compared to men. More specifically, the number of days with moderate to severe muscle and joint pain was five times greater in postmenopausal women as compared to men. Gender differences were much weaker for GI symptoms and all psychological/emotional symptoms except for fatigue and stress, especially in the analysis which controlled for age. In general, pain or discomfort symptoms are more frequently reported by women as compared to men [19] . The explanations given for these gender-related differences are multiple and include biologic factors (e.g., sex hormones), acquired risks (e.g., occupation), psychosocial characteristics of the pain symptoms, and health-care seeking behavior [19] [20] [21] [22] . In addition, this gender effect varies across the lifespan for conditions such as fibromyalgia, which is more common in older as compared to younger women. In studies of healthy men and women, genderrelated differences in visceral pain sensitivity are inconsistently found [3] . In addition, data from IBS patients are also mixed. Two studies comparing rectal sensitivity in men and women with IBS [23, 24] found lower thresholds in women with IBS while another found no differences between men and women with IBS [25] .
Little is known about the trajectory of IBS symptoms across the natural lifespan of men and women. In analyzing the United Kingdom (UK) General Practice Research Database, Garcia Rodríguez et al. [26] found that while there was a much higher incidence rate of IBS diagnoses in women than men in young adulthood, there was a steady decline with age among women converging with that in men by the seventh decade of life [26] . In contrast, the incidence in men remained relatively stable between the ages of 20 and 69.
In the current study, seven women were excluded from the analysis due to history and diary data that were either inconsistent or suggestive of perimenopausal transition. Women experiencing the menopause transition often report a variety of symptoms including depression, vasomotor symptoms, (i.e., hot flashes and night sweats) and sleep disruption. Longitudinal as well as cross-sectional studies have demonstrated that women transitioning to menopause report greater bodily pain and discomfort as well as limitations due to their symptoms and poorer perceived health (for a review see [15] ). Figure 1 shows somewhat elevated symptoms of abdominal discomfort and anxiety/depression among the youngest of the postmenopausal women, perhaps reflecting women who are early postmenopause. Unfortunately, in this secondary data analysis, the date of last menstrual period was often missing, and not considered reliable, so this conjecture could not be checked directly. However, such a pattern would be consistent with the model proposed by Matthew and Bromberger [15] in which self-report of health quality decreases during the perimenopause phase but returns closer to premenopausal levels during the later postmenopausal years. The study of the perimenopause phase in terms of a condition such as IBS would require careful staging using criteria such as that established by the Staging of Reproductive Aging Workshop (STRAW) [27] report as well as attention to circulating reproductive hormone levels. The increase in bloating and intestinal symptoms at menopause is not unique to women with IBS. Triadafilopoulos [16] , in a prospective study of postmenopausal and menstruating women without a diagnosis of IBS, found that the presence of IBS-type complaints (e.g., abdominal pain) peaked between the ages of 40 and 49. The increase in GI symptoms after menopause in women with IBS may be part of a symptom complex that includes vasomotor instability, sleep disruption, bodily pain, and mood alterations. The question is whether a single physiological factor or trigger linked to the menopause transition accounts for these diverse symptom patterns. To date, GI symptoms during the perimenopause transition have remained unexplored. A few studies have examined GI transit in postmenopausal women [28, 29] and a recent clinical study showed that administration of micronized progesterone improved symptoms of constipation in postmenopausal women [30] . These results are intriguing and suggest that the cessation of hormone cycling may be involved. Studies that incorporate measures of multiple symptom complexes as well as biological markers are needed.
The presence of somatic symptoms has been linked to decreased quality of life (QOL) in patients with IBS and greater GI health care use costs once diagnosed. Spiegel [31] , reviewing charts from 770 IBS patients, found that extra-intestinal symptoms such as fatigue, anxiety, and insomnia were related to lower health-related QOL. However, Lembo [32] found that the extraintestinal symptoms reported by IBS patients were less frequently identified as the 'worst' symptoms when compared to GI symptoms. In the current study, mean rating of health was significantly correlated with mean symptom scores, acrossperson. Whether these co-existing conditions share a similar pathophysiological basis remains to be determined. Whitehead [5] , using data from 3,153 participants in a health maintenance organization, suggested that comorbidity in patients with IBS is due to greater amplification of symptom reporting and care provider consultation rather than a shared pathophysiology.
Correlating symptoms with daily health status showed that GI pain/discomfort, somatic symptoms and psychological distress were all strongly associated with worse health status. Almost all women reported worse health status on days with more severe symptoms. The strength of these within-person associations with health status was somewhat stronger for GI pain/discomfort and anxiety/ depression than for the somatic symptom scale. In a prior analysis with data from only menstruating women, we found that abdominal pain severity had the strongest correlation with daily impact and health-related QOL [33] . The current study extends those findings by illustrating that GI symptoms along with psychological distress and somatic symptoms are strongly associated with health status. The increase in somatic symptoms with aging in women, especially muscle and joint pain, and their overall impact on health perception is not surprising.
While women in the current study reported more fatigue and stress than men, the anxiety/depression scale showed no gender differences. While the prevalence of depression and anxiety are known to be higher in women in the general population [34] , there is less agreement in patients with IBS. Kim et al. found no gender differences in a population of Korean adults with IBS [25] . Studies that recruit from tertiary care clinics may represent a population with higher psychiatric co-morbidity than those samples recruited from the community.
The study of gender differences in IBS is challenged by the under-representation of men making comparisons based on gender difficult [3] . A limitation in the current study was the small number of men with IBS, particularly older men. Unlike a large epidemiological survey of the Canadian population, men with IBS in the current study reported lower levels of back pain as compared to women [34] .
In summary, we have seen that among people with IBS, the biggest gender differences are in somatic pain symptoms. Both menstruating and postmenopausal women have more severe somatic symptoms than men, with joint and muscle pain being very prevalent among postmenopausal women. Curiously, psychological and emotional symptoms showed few gender differences, the exceptions being fatigue and stress. GI symptoms were higher in postmenopausal women than in men, but these differences mainly disappear when controlled for age. All three types of symptoms are related to self-rated health on a daily basis. It thus appears that extra-intestinal symptoms are important to people with IBS, and most especially in postmenopausal women.
